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1 . Title of the Invention 

Liquid crystal cell 

2. Scope of the Claims 

(1) A liquid crystal cell characterized by comprising two sheets of opposed 
base plates, a frame-shaped spacer forming an internal space between the base plates, a 
gap adjusting material disposed in the internal space, and a liquid crystal filled in the 
internal space, in which the gap adjusting material is inserted between the base plates 
and has a pillar spacer with one end being adhered to one base plate and the other end 
being fused to the other side base plate. 

(2) The liquid crystal cell according to claim 1, characterized in that the pillar- 
shaped spacer comprises a granular spacer that is inserted between the base plates and a 
thermally fusing substance for adhering the granular spacer to the base plates. 

(3) The liquid crystal cell according to claim 2, characterized in that the 
thermally fusing substance is selected from a group consisting of polyethylene, ethylene 
acetic acid vinyl copolymer, poly vinyl chloride, copolymer polyamide, polyurethane, 
and polyester. 

3. Detailed Explanation of the Invention 

Industrially Applicable Field 

The present invention relates to a liquid crystal cell. 

Structure of the Conventional Embodiment and Problems thereof 

A conventional liquid crystal cell, as shown in Fig. 5, is formed by filling (or 
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sealing) a liquid crystal 300 in a cell composed of two substrates 100 having a 
transparent electrode 200 and an alignment film 500. Thus, to make the gap of the 
internal space fixed or thin, a gap material 400 is added to prevent the non-uniformity 
caused by the distortion or unevenness of the substrates 100. 

In general, the gap material 400 is not usually in fixed state, so if a pressure or 
vibration is applied to a liquid crystal cell, the liquid crystal cell is curved and the gap 
material 400 moves inside of the cell, producing a gap stain (mottle). This gap print 
changes the response speed of liquid display or creates visual non-uniformity, resulting 
in deteriorations in display quality. 

To overcome the above problem, Japanese Patent Publication No. 61-258225 
disclosed a liquid crystal display device, that is fabricated by applying a gap material 
floating liquid to a substrate formed of an alignment film, evaporating the liquid to 
attach the gap material particles onto the alignment film, and folding the substrate to 
inject a liquid crystal. 

Also, Japanese Patent Publication No. 60-153025 disclosed a liquid crystal 
display device in which a gap material is mixed into an alignment treatment solution 
and is later attached to an alignment treatment layer by being applied to the substrate. 

Object of the Invention 

An object of the present invention is, therefore, to solve the foregoing problems. 
Since the gap material itself is not adhesive, it was very difficult to obtain a cell having 
a uniform internal space especially in a large-size liquid crystal cell. The present 
invention provides a liquid crystal cell having a uniform internal space by adhering both 
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surfaces of a substrate using a gap material containing thermally fusing substances, 
whereby the gap material cannot easily move around during the liquid crystal injection. 

Means for Solving the Problem^ 

The liquid crystal cell of the present invention is formed of two sheets of 
opposed base plates, a frame-shaped spacer forming an internal space between the base 
plates, a gap adjusting material disposed in the internal space, and a liquid crystal sealed 
in the internal space, wherein the gap adjusting material is characterized by inserting 
between corresponding base plates and having a pillar-shaped spacer whose one end 
being fused onto one of the base plates. 

The liquid crystal cell of the present invention is constituted of base plates, a 
pillar-shaped spacer, and a gap adjusting material. 

The base plates are formed of two sheets of plate-shaped transparent bodies. 
As for the plate-shaped transparent body, a transparent glass plate or a transparent 
plastic plate can be used. These two sheets of base plates are fixed by a frame-shaped 
spacer (to be described). By filling the inner circumference of the frame-shaped spacer 
with a liquid crystal, an internal space is formed therein. Also, transparent electrodes 
are formed on the opposite surfaces of the two base plates, respectively, and an 
alignment film is formed on the top surface thereof. The transparent electrode is used 
for applying a voltage to the liquid crystal, whereas the alignment film is used for 
regulating the alignment of liquid crystal molecular axis in the absence of electric field. 

The frame-shaped spacer is inserted between the two sheets of base plates. It 
also forms an outer circumferential wall, so that the base plates are adhered and fixed to 
each other while maintaining a constant distance therebetween. In this manner, an 
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internal space for filling the liquid crystal is formed. The frame-shaped spacer is 
composed of an adhesive and a spacer member. For instance, the adhesive is attached 
to one surface of the base plate except for an inlet for filling the liquid crystal (to be 
described) by printing, blasting or coating, and the spacer member is installed on the 
adhesive before it is hardened. As for the spacer member include a glass member, 
resin material beads or fiber, or frame-shaped plastic film. For the adhesive, an epoxy 
adhesive can be used. 

The alignment film is formed on the upper surface of the electrode layer. A 
solute such as polyvinyl alcohol, polyvinyl butyl, polyamide, polyimide, 
polyethersulfone, polyamide-imide and so forth is dissolved in water or an organic 
solvent, and the solution is attached to the upper surface of the electrode layer by means 
of coating, spraying or immersing. Then, a dry-heat treatment and a rubbing treatment 
are sequentially performed thereon. 

The gap adjusting material is used for maintaining the gap between the base 
plates, and together with the frame-shaped spacer it maintains the total gap of the base 
plates to remove any partial change in the gap. 

This gap adjusting material is composed of a granular spacer and a pillar- 
shaped spacer. The pillar-shaped spacer is formed of thermally fusing substance for 
adhering the pillar-shaped spacer that is inserted between the base plates to the base 
plates. 

As for materials of the granular spacer, inorganic materials like magnesia, glass 
etc, and polymer beads of styrene polymer can be used, and its particle diameter ranges 
from 5 to lOO^im. 
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The thermally fusing substance is a resin selected from polyethylene, ethylene 
acetic acid, vinyl copolymer, poly vinyl chloride, copolymer polyamide, polyurethane, 
and polyester and fused by heating. Preferably, the thermally fusing substance is 10 - 
50% larger in particle diameter than the granular spacer, and more preferably, 15 - 25% 
larger. 

The thermally fusing substance is easily deformed by heat and fused onto the 
base plates, so its particle diameter should be larger than that of the granular spacer. If 
the particle size is 10% less, both surfaces of the base plates are not sufficiently fused 
by heat. In addition, if the particle size exceeds 50%, it is too big to properly adjust 
the gap between the base plates. 

The gap adjusting material can also be formed by coating the surface of the 
granular spacer by the thermally fusing substance. In case of coating the surface of the 
granular spacer with the thermally fusing substance, the thickness of the thermally 
fusing substance layer is 10 - 50% of the diameter of the granular spacer, and more 
preferably, 15 - 25%. In other words, this thickness is necessary to thermally fuse 
both surfaces of the base plates. The thermally fusing substance is thermally fused 
onto the base plates at temperature ranging from 100 to 300°C. 

Although the granular spacer coated with the thermally fusing substance itself 
can be used as the gap adjusting material, it can be used together with the granular 
spacer. 

Therefore, the granular spacer, the thermally fusing substance or the spacer 
coated with the thermally fusing substance, and the frame-shaped spacer are filled 
between the base plates, and the cell formed of the base plates is heated and pressed. 
Then, the thermally fusing substance melts and through the granular spacer or by 
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adhering the granular spacer to the upper and lower base plates, a liquid crystal cell 
maintaining a predetermined cell gap is obtained. Since the granular spacer is fixed in 
the liquid crystal cell, it does not easily move around during the liquid crystal injection 
or any changes in the environmental conditions, but maintains uniform internal space 
and good display quality. As for the liquid crystal, any well-known commercial liquid 
crystal can be used. 

Application and Effect of the Invention 

According to the present invention, the thermally fusing substance used as an 
ingredient of the gap adjusting material adheres both surfaces of the base plates together 
by thermally fusing, and the granular spacer with the different ingredient adjusts the gap 
individually. Therefore, the specific gap can be maintained in the internal space of the 
resulting liquid crystal cell. Moreover, unlike the conventional base plates where the 
granular spacer is attached or fixed to only one side of the alignment film, the granular 
spacer in the present invention is immovable during the liquid crystal injection or under 
any changes of environmental conditions since both surfaces of the base plates are fixed 
and a uniform internal space is maintained therein. Thus, the problems like changes in 
the response speed of display, creation of color mottles, and deteriorations in the display 
quality due to visual non-uniformity do not occur. 

Examples 

The following will now explain the present invention by different examples. 
(Example 1) 
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The liquid crystal cell of the present invention includes two sheets of base 
plates 10, a frame-shaped spacer 6 forming an internal space 3 between the base plates, 
a gap adjusting material 1 1, and a liquid crystal 8 filled in the internal space. 

The base place 10 was 50 x 100mm in size, and was formed of a soda lime 
glass substrate 1 of 1.1mm in thickness and an electrode layer 2 made of a 2000 A thick 
1TO film. 

On the outer circumference end portion of the base plate 10 was a 50^im 
dumiran film (produced by Sffl^pp Drug Co.) of the frame-shaped spacer 6. Then, 
a granular spacer 4 and a thermally fusing substance 5 of the gap adjusting material 11 
were scattered over one of the base plate 10. As for the granular spacer 4, SP-246 

(produced by QtK Fine Chemicals Co.) of particle diameter 46[im, the polymer beads 
of polystyrene group, was used. And, as for the thermally fusing substance, ethylene 
acetic acid vinyl copolymer of particle diameter 57^m was used. 

Once the frame-shaped spacer 6 and the gap adjusting material 1 1 were placed 
on the base plate 10, the other base plate 10 was laid over to fabricate the liquid crystal 
cell. Then, 10% of load of a vacuum drier was applied thereto, and 15-minute heat 
treatment at 150°C was performed. Except for the load, the liquid crystal cell was 
cooled to form a cell. Later, a liquid crystal and an additive were injected using 
vacuum infiltration. As for the liquid crystal, a polymer of 0.2 wt% of ZLI-1623 
(produced by Merck & Co.) and ZLI-584 (produced by Merck & Co.), the self- 
recording alignment agent were used. Especially, as a comparative example, the liquid 
crystal cell was prepared without adding the thermally fusing substance. 
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In the comparative example, in case of using a granular spacer of particle 
diameter 46nm, there was a change in the internal space as big as 46 ±10|am. 
However, in case of the present example, the change ranged 46 ±3|im. This is because 
the thermally fusing particles melt during the heat treatment after being spread over the 
granular spacer and adhere the upper and lower substrates, while fixing the internal 
space thereof. 

(Example 2) 

A base plate having an alignment film 30 prepared by rubbing a polyimide film 
was placed on a transparent electrode layer of a glass substrate 1 forming a transparent 
electrode 2 made of an ITO film. 

Then, a granular spacer 50 coated with a thermally fusing substance, which was 
prepared by evenly coating polystyrene beads of a granular spacer 52 of 46jam in 
diameter with a 2^im thick ethylene acetic acid vinyl copolymer 51. This coated 
granular spacer 50 was scattered every part on the base plate. The peripheral portion 
of the other side of the base plate was coated with a frame-shaped spacer 40 composed 
of ethylene acetic acid vinyl copolymer. The resulting base plate was then attached to 
another base plate (Fig. 3), and 10% load followed by a 15-minute of heat treatment at 
150°C were applied thereto (Fig. 4) to fabricate a liquid crystal cell. 

In result, through the frame-shaped spacer 40 and the thermally fused part, the 
upper and lower substrates and the granular spacer were fixed in the base plates and the 
liquid crystal cell thereof showed a 46 ±3fim of a small change in the internal space. 
When a liquid crystal was injected into the cell, neither color mottles (caused by non- 
uniform gap) nor white spots (caused by condensation of a spacer) were occurred, and a 
good quality display was produced. 
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(Comparative Example) 

A liquid crystal cell was formed without coating the granular spacer of 
Example 2 with a thermally fusing substance. In result, the liquid crystal cell showed 
46 ±3|im of a relatively large change in the internal space. When a liquid crystal was 
injected into the cell, there were bad color mottles and white spots caused by 
condensation of a spacer were occurred. 

Example 3 

A liquid crystal cell was prepared using the same method in Example 2 except 
that the base plate had a curvature of R 1000. 

In general, compared with a planar cell, a curved cell shows more change in the 
internal space, but in this example the change in the internal space was 46 ±3|im for the 
curved cell. 

Therefore, by adhering both surfaces of the base plate through the thermally 
fusing substance of the present invention, it becomes possible to obtain a liquid crystal 
cell with a small change in the internal space. 

4. Brief Explanation of the Drawings 

Fig. 1 is a sectional mimetic explanatory view showing a state in which a gap 
adjusting material of Example 1 is built in a liquid crystal cell; 

Fig. 2 is a sectional mimetic explanatory view showing a thermally fused liquid 
crystal cell of Fig. 1; 

Fig. 3 is a sectional mimetic explanatory view showing a state in which a gap 
adjusting material of Example 2 is built in a liquid crystal cell; 
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Fig. 4 is a sectional mimetic explanatory view showing a thermally fused liquid 
crystal cell of Fig. 3; and 

Fig. 5 is a sectional mimetic diagram of a related art liquid crystal cell. 

Explanation of Reference Numerais> 
1 : Glass substrate 2 : Electrode film 

3 : Internal space 5 : Alignment film 

8 : Liquid crystal 4, 52 : Granular spacer 

5, 7, 51 : Thermally fusing substance 
6, 40: Frame-shaped spacer 
1 1, 50: Gap adjusting material 
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